INTRODUCTION {#sec1-1}
============

Pain after cardiac surgery has been known to be significant, with 30--75% of patients reporting moderate to severe acute pain.\[[@ref1]\] Poorly controlled postoperative pain may not only cause hemodynamic disturbances in acute phase, it could also lead to delayed recovery, chronic pain, higher morbidity, longer hospital stay, overall increased costs overall increased costs, and poorer outcomes apart from a dissatisfied patient.\[[@ref2]\] Adequate pain relief is expected to result in improved hemodynamics, myocardial oxygenation, and immunomodulation.\[[@ref3]\] Improved minimally invasive surgical techniques coupled with economic pressures and patients' expectations, more than ever before, expect anesthesiologist anesthesiologists to tailor perioperative care to facilitate early recovery and shorter hospital stay.

Multimodal analgesia (MMA) relies on a synergistic combination of different available therapeutic modalities like pharmacologic interventions, rehabilitative maneuvers, and psychological counseling to reduce doses of individual drugs. However, search for a truly effective and ideal combination of agents and techniques continues and remains a distant dream till date. It is this context, laser therapy with its established analgesic properties, and minimal side effects may come around as an effective adjuvant to the current available armamentarium to conquer pain.\[[@ref4][@ref5]\] Also, laser therapy has been found to accelerate tissue healing that can make it particularly useful in postoperative patients.\[[@ref6][@ref7]\] Laser therapy has been traditionally used for chronic pain, though hitherto available low-level lasers (Classes I-III) have not been very effective on account of poor tissue penetration achieved by them. Class IV laser appears to have overcome this limitation due to its longer wavelength and higher energy output, capable of triggering therapeutic cellular metabolic changes resulting in immediate pain relief and possibly a role in enhancing surgical wound healing as well. We conducted this observational pilot study with the aim to identify if Class IV laser could be used as an effective adjunct to the existing multimodal pain management modalities in postoperative patients following off-pump coronary artery bypass graft (OPCABG) surgery.

METHODS {#sec1-2}
=======

Hundred consecutive patients of either sex, 18 years or older, scheduled for OPCAB surgery via median sternotomy were included in the study after obtaining approval from Institutional Review Board and Independent Ethics Committee. Each patient was individually visited by a member of the anesthesia team, was explained about the intended pain management protocol including laser therapy, apart from overall anesthetic management, queries if any were answered, and only after obtaining a written informed consent were included in the study. The exclusion criteria were as follows:

Patients with any kind of tumor or growth (benign or malignant) in the area around sternumPatients receiving steroids or photosensitive drugsPatients allergic to tramadol or paracetamolPatients with abnormal liver function testPatients with permanent or temporary pacemaker, andPatients unwilling to take part in the study for any reason.

After enrollment, the following categories of patients (*n* = 13) were also excluded from the study in the postoperative period.

Deeply sedated, or unresponsive or those who had not regained full sensorium, or who appeared to be having poor cognitive function, or in delirium or psychosis (*n* = 3)Patients with actively oozing sternal wound, patients who complained of heat-related discomfort during laser therapy despite all precautions and reassurance (*n* = 0)Patients who could not be weaned off ventilator and trachea could not be extubated for any reason on postoperative day (POD) 1 (*n* = 5)Patients who needed tracheal re-intubation and/or re-exploration due to any cause (*n* = 5)Patients who otherwise could not complete the study for any reason (*n* = 0)Severe discomfort felt during laser application even after taking all the precautionary measures (*n* = 0).

All the patients were subjected to general anesthesia as per the standard institutional protocol. Anesthesia was induced with fentanyl, midazolam, and thiopentone, followed by tracheal intubation facilitated with rocuronium. Anesthesia was maintained with intermittent doses of fentanyl and rocuronium, with isoflurane in oxygen and air mixture. All the patients received postoperative analgesia as per the standard institutional protocol, which included fentanyl infusion (1 μg/kg), paracetamol boluses over 20 min each (15 mg/kg/dose, 6 hourly) and tramadol infusion (100 mg over 8 h). All the drugs were administered through intravenous route and initiated in the postoperative recovery room soon after being transferred from OT. The average time interval between stoppage of fentanyl infusion and tracheal extubation was 2 h. Tramadol infusion was stopped immediately before extubation. After tracheal extubation, the tramadol and paracetamol were continued. The intensity of subjective pain assessment was determined by an 11-point Verbal Rating Scale (VRS) containing whole numbers 0--10; "0" representing "no pain" and "10" representing "worst pain imaginable."

Laser therapy was initiated on POD 1, 30 min following tracheal extubation as a once a day regime, to be repeated next 2 days at the same time of the day if patient\'s own assessment of pain on VRS was ≥5. The patients receiving laser therapy continued to receive the standard institutional pain management regime comprising of injectable tramadol and paracetamol, and fentanyl bolus of 1 μg/kg as rescue analgesic during the intervening period between laser applications.

The dosage of laser applied was 10 J/cm^2^ over an area 150 cm^2^ (approximate) of sternum covering the sternal wound amounting to 1500 J (approximate). The duration of laser therapy was 150 s with a laser power output of 10 W and the laser frequency of 980 nm using "LCT-1000™" (LiteCure Medical) as the laser source. The operating mode used was CW. Both the caregiver and the patient were given laser protective eyewear as per the standard practice during laser therapy.

The VRS was recorded at the following times: Immediately before application of laser; 1 h after the laser application; and thereafter, every 6 hourly till 72 h following first laser application. The sternal wound was examined every day till discharge for following wound complications: wound gaping, serosanguinous discharge, hyperemia, induration and increase in local temperature. Patients were also monitored for heat-related complications such as discomfort, pain and redness, burn, and blister formation. A provision for temporary stoppage of laser application was kept if heat-related discomfort was stated by any patient while receiving laser application. Statistical analysis was performed using SPSS version 13 (SPSS Inc. Chicago, IL) and Microsoft Office Excel (Microsoft Corporation, Redmond, WA).

RESULTS {#sec1-3}
=======

A total of 100 patients were included in the study, 84 were males and 16 were females. The details of patient demography are stated in [Table 1](#T1){ref-type="table"}.

###### 

Patient demography

           Number   Mean age (SD) (year)   Mean weight (SD) (kg)   Mean height (SD) (cm)
  -------- -------- ---------------------- ----------------------- -----------------------
  Male     84       60.24 (9.333)          72.15 (13.1)            167.98 (6.331)
  Female   16       56.44 (9.288)          65.87 (14.341)          158.35 (10.002)
  Total    100      59.63 (9.384)          71.14 (13.343)          166.44 (7.832)

SD: Standard deviation

Mean (standard deviation \[SD\]) VRS of all the 100 patients immediately before application of the first dose of laser was 7.31 (0.94), which fell to 4.0 (1.279) and 3.40 (2.697) at 1 h and 24 h respectively after the laser application. The VRS during first 48 h among all the 100 patients is shown in [Table 2](#T2){ref-type="table"}. The changes in VRS scores are analyzed by Friedman test and found to be statistically significant (*P* = 0.000). Only 40 patients, who had VRS of 5 or more (mean \[SD\] -- 6.38 \[0.868\]) at 24 h after the first application of laser, were given the second dose of laser. The changes of VRS score in this group of patients (*n* = 40) during first 24 h (after first laser application), and second 24 h (after second laser application at 24^th^ h) are noted in [Table 2](#T2){ref-type="table"}. After receiving the 2^nd^ dose of laser, the VRS fell significantly (*P* = 0.000) in those 40 patients and became 0 at 54^th^ h. The changes of VRS scores among the remaining 60 patients who did not require 2^nd^ dose of laser is shown separately in [Table 2](#T2){ref-type="table"}. [Table 3](#T3){ref-type="table"} shows different *P* values, derived after applying "Friedman test" to test the significance of the changes of VRS scores in four different conditions.

###### 

VRS score of all the 100 patients in the first 48 h

  Group             Statistics   Before Laser   After 1 h   After 6 h   After 12 h   After 18 h   After 24 h   After 30 h   After 36 h   After 42 h   After 48 h
  ----------------- ------------ -------------- ----------- ----------- ------------ ------------ ------------ ------------ ------------ ------------ ------------
  *n*=60            Mean         7.18           3.73        3.37        2.82         2.50         1.42         0.85         0.33         0.15         0.02
  SD                1.05         1.36           1.29        1.23        1.67         1.31         1.40         0.77         0.48         0.13         
  Minimum           3            1              1           0           0            0            0            0            0            0            
  Maximum           10           8              8           6           7            4            6            3            2            1            
  Median            7            4              3           3           2            1            0            0            0            0            
  *n*=40            Mean         7.50           4.40        4.35        4.35         4.68         6.38         3.15         1.93         1.05         0.33
  SD                0.72         1.03           1.08        1.39        1.58         0.87         1.51         1.16         1.08         0.80         
  Minimum           6            3              3           2           1            5            0            0            0            0            
  Maximum           10           7              8           7           8            8            8            5            5            4            
  Median            7.5          4              4           4           5            6            3            2            1            0            
  Total (*n*=100)   Mean         7.31           4.00        3.76        3.43         3.37         3.40         1.77         0.97         0.51         0.14
  SD                0.94         1.28           1.30        1.49        1.95         2.70         1.83         1.23         0.89         0.53         
  Minimum           3            1              1           0           0            0            0            0            0            0            
  Maximum           10           8              8           7           8            8            8            5            5            4            
  Median            7            4              4           3           3            3            2            0            0            0            

SD: Standard deviation, VRS: Verbal Rating Scale

###### 

*P* values derived after applying Friedman test for significance test among the changes of VRS scores in four different situations

  *n*                          100                    60                     40                     40
  ---------------------------- ---------------------- ---------------------- ---------------------- ---------------------
  **VRS scores (from-upto)**   **Baseline-at 24 h**   **Baseline-at 48 h**   **Baseline-at 24 h**   **At 24 h-at 48 h**
  Chi-square                   705.298                459.817                128.997                150.776
  df                           9                      9                      5                      4
  Asymptotic significant       0.000                  0.000                  0.000                  0.000

VRS: Verbal Rating Scale

No patient needed 3^rd^ dose of the laser. The VRS scores at different times (up to 48^th^ h) are shown in [Figure 1](#F1){ref-type="fig"} (readings after 48^th^ h were not included). No patients complained about any laser-induced discomfort or heat-related complications. Wound complications were not reported in any of the 100 patients until discharge. No patient needed rescue analgesia.

![Verbal Rating Scale (VRS) scores of patients receiving laser therapy. Series 1: Average VRS scores of all the 100 patients; Series 2: Average VRS scores of the 60 patients who received laser on postoperative day (POD) 1 only; Series 3: Average VRS scores of the 40 patients who received laser on POD 1 and POD 2](ACA-18-317-g001){#F1}

DISCUSSION {#sec1-4}
==========

Postoperative pain is typically managed by multimodal approach; pharmacological and rehabilitative therapies in particular. Among pharmacological agents, a combination of opioids, nonopioid analgesics, nonsteroidal anti-inflammatory drugs and local anesthetics helps avoid overdosing of anyone, thus minimizing undesirable side-effects. Our institutional postoperative pain management protocol includes continuation of injectable fentanyl and paracetamol from the operating room and addition of injectable tramadol in the recovery room. However, individual patient responses like respiratory depression, excessive sleepiness, nausea and vomiting often necessitate adjustments of dose and duration or even discontinuation of analgesic agents. This would at times result in heightened pain perception following tracheal extubation as is evident in mean (SD) VRS of 7.31 (0.94).

Faced with wide variations in pain scores in postoperative patients, it was felt that a laser with its well established analgesic properties could be studied for its suitability to relieve acute postoperative pain. Laser, though well established as a therapeutic modality in sports medicine and physical therapy for pain relief,\[[@ref8][@ref9][@ref10][@ref11]\] has never been used for acute postoperative pain relief, and thus merited a pilot study to evaluate its feasibility and efficacy in the new setting.

A systematic review of 11 trials that included 565 patients demonstrated that low-level laser therapy (LLLT - Classes I-III) used in a specific dose range significantly reduced pain in chronic joint disorders.\[[@ref12]\] Another systematic review with meta-analysis of 18 randomized placebo-controlled trials evaluating LLLT in elbow tendonopathy concluded that LLLT provided short-term pain relief with less disability, when administered in optimal doses directly to the lateral elbow tendon insertions.\[[@ref10]\] Laser has been known as a safe and effective treatment modality for relieving pain, reducing inflammation and to promote wound healing and soft tissue repair.\[[@ref13][@ref14][@ref15]\] In a randomized placebo-controlled trial, Bjordal *et al*. treated activated Achilles tendonitis in seven patients with LLLT and found that LLLT suppresses inflammation, measured by reduction in the inflammatory marker PGE2 and improvement in clinical indices of pressure pain and sing hop function in these patients.\[[@ref16]\]

Laser is said to act through photo-biomodulation, that involves essentially a series of tissue responses to laser: stabilization of the cellular membrane, enhancement of ATP production, vasodilatation, acceleration of leukocytic activity, increased prostaglandin synthesis, reduction in interleukin 1, enhanced lymphocyte response, increased angiogenesis, temperature modulation, enhanced superoxide dismutase levels, decreased C-reactive protein and neopterin levels.\[[@ref17][@ref18]\] All these tissue activities reduce acute inflammatory response. Photo-biomodulation also produces analgesia by increasing beta-endorphins and nitric oxide production, decreasing bradykinin levels, ion channel normalization, blocking depolarization of C-fiber afferent nerves, increasing nerve cell action potentials and release of acetylcholine, and axonal sprouting and nerve cell regeneration. The other biological response includes DNA and RNA synthesis, an increase in cAMP levels, protein and collagen synthesis and cellular proliferation. These activities lead to rapid normalization, regeneration and healing of damaged tissue.\[[@ref19]\] Thus, the application of laser to a wound area reduces acute inflammation response and produces analgesia.

Therapeutic laser dosage is dependent on three factors: power output, wavelength and time. Laser light energy absorption by the skin and subcutaneous tissue is estimated to be 50--90%. The absorption by the skin and subcutaneous tissue increases as the wavelength, measured in nanometers (nm), decreases. Therefore, lasers with shorter wavelengths (Class I-III) fail to reach to the deeper target tissue adequately and thus, fail to deliver sufficient number of photons to the target tissue, the factor that determines wound healing, control of inflammation and pain relief. Indeed, several published clinical studies have found LLLT (Classes I-III) to be suboptimal in adequately treating pain in different clinical conditions. Longer wavelengths (up to 1000 nm) and higher power output result in deeper tissue penetration and higher dosage to the target tissue as seen with Class IV lasers. Certain Class IV lasers have been shown to provide both the wavelengths and power output levels necessary to trigger therapeutic cellular metabolic changes, especially when applied with scientifically based protocols. The clinical literature offers an increasing body of evidences supporting the use of Class IV lasers in a wide range of clinical conditions, demonstrating successful therapeutic results.\[[@ref4][@ref5]\]

The actual therapeutic benefit of laser therapy is determined by the power density at the target tissue, color and type of the tissues. In people with dark skin, due to high concentrations of epidermal melanin which absorbs light over a wide range of wavelengths, the laser is absorbed in the epidermal layer before it reaches to the targeted deeper tissue. However, Class IV lasers, because of their longer wavelength, can bypass the selective absorption by the melanin containing epidermis and reach to the deeper tissue targets effectively. The trend in laser therapy over the past decade has been to increase power density and dose. This has been shown to significantly improve therapeutic outcomes. The World Association of Laser Therapy has established that target tissues need a dose of 5--7 J/cm^2^ to elicit a biological cellular response. Given that the most likely origins of this postoperative pain lie below multiple layers of muscle and fascia, satisfactory pain relief requires a therapeutic laser system with adequate tissue penetration to stimulate the physiological events necessary to reduce inflammation and accelerate tissue healing. This study was conducted as a pilot study to evaluate its clinical application in cardiac surgical patients and the results are quite encouraging. The change in pain intensity as measured by VRS scores following the application of laser was found to be statistically significant (*P* = 0.000; analyzed by Friedman test). As a matter of precaution, the dose, duration, and frequency were decidedly on the lower side, but the results reaffirm our belief that Class IV laser has a role to play as a component of multimodal pain management in cardiac surgical patients also.

Despite the documented clinical benefits from the use of laser, there remains concern regarding tissue overstimulation and a retarded healing process that may result from the use of higher power laser systems. However, there are no *in vivo* studies in humans to validate this concern. In fact, several studies have documented the wound healing characteristics of the laser. In addition to analgesic property, deep penetrating photo-biostimulation produces reduces inflammation and accelerates tissue healing. It has been found that laser stimulates the production of the fibroblast growth factors. In a case report, Dixit *et al*. have demonstrated successful application of LLLT in a diabetic patient for treatment of delayed wound healing and pain in chronic dehiscent sternotomy.\[[@ref20]\] As for concerns of safety, all the patients had their surgical wounds closely evaluated daily till their discharge from the hospital and none of the patients reported any suboptimal wound healing. On the contrary, we feel that based on results of earlier studies and our observation of no untoward effect on the wound healing, some nonhealing wounds can be subjected to laser irradiation to evaluate its healing properties.

The other safety concern could be thermal burns since laser gets absorbed into the skin and subcutaneous tissue and converted to heat which can cause thermal discomfort, redness, pain and even burn injury. This is of concern in subjects with melanoma, hyperpigmented scar or ethnically dark skin where a high concentration of melanin increases the absorption of laser and thereby produces increased heat. However, as the wavelength of the laser increases, the chance of being absorbed by the melanin decreases, thus Class IV lasers with higher wavelengths produce lesser incidences of heat-related injuries. Also, with the advent of newer generation of laser producing machines, which are equipped with cooling safety devices (e.g., sapphire cooled tip and cryogen spray cooling) and a wide range of laser wavelengths, the incidences of thermal injuries is much less. In our study, no patient suffered any heat-related discomfort or burn injury requiring the stoppage of laser application or other cooling measures.

This pilot study observed that Class IV laser can be an effective tool for the treatment of postoperative pain following OPCABG surgery, and could be included as a component of MMA technique. We found it safe, and it appeared well tolerated by the patients. Our study findings suggests that larger randomized controlled trials could be undertaken to further establish its role in postoperative analgesia and to ascertain its dose, duration and frequency besides its suitability and wider application in other cardiac cases like those with prosthetic valves and other mechanical devices *in situ*.
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